On the premise that urban heat islands are strongest in calm conditions but are largely absent in windy weather, daily minimum and maximum air temperatures for the period 1950-2000 at a worldwide selection of land stations are analyzed separately for windy and calm conditions, and the global and regional trends are compared. The trends in temperature are almost unaffected by this subsampling, indicating that urban development and other local or instrumental influences have contributed little overall to the observed warming trends. The trends of temperature averaged over the selected land stations worldwide are in close agreement with published trends based on much more complete networks, indicating that the smaller selection used here is sufficient for reliable sampling of global trends as well as interannual variations. A small tendency for windy days to have warmed more than other days in winter over Eurasia is the opposite of that expected from urbanization and is likely to be a consequence of atmospheric circulation changes.
Introduction
There have been several attempts in recent years to estimate the urban warming influence on the largescale land surface air temperature record. Jones et al. (1990) found that the urban warming influence on widely used hemispheric datasets is likely to be an order of magnitude smaller than the observed centurytime-scale warming. Easterling et al. (1997) found that global urban warming influences were little more than 0.05°C century Ϫ1 over the period 1950-93. Hansen et al. (1999) concluded that the anthropogenic urban contribution to their global temperature curve for the past century did not exceed approximately 0.1°C. Furthermore, they estimated the global average effect of their urban adjustment during 1950-98 as only 0.01°C (see their Plate A2), though their adjustment procedure removed an urban influence of nearly 0.1°C in the contiguous United States in this period. Peterson et al. (1999) compared global temperature trends from the full Global Historical Climatology Network with a subset based on rural stations, defined as such both by map metadata and by nighttime lighting as detected by satellites. They found that the rural subset and the full set had very similar trends since the late nineteenth century, and inferred that the urban influence on the full set was therefore insignificant. Accordingly, only small systematic errors were ascribed to urbanization in the global warming trend estimates made by Folland et al. (2001a) and in the Intergovernmental Panel on Climate Change Third Assessment Report (IPCC TAR; Folland et al. 2001b) .
Nevertheless, controversy has persisted. Following IPCC TAR, Hansen et al. (2001) upgraded the Goddard Institute for Space Studies (GISS) analysis and found that overall urban adjustments to data for the contiguous United States required since 1900 exceeded 0.1°C but that the adjustment differed according to the dataset used. Furthermore, adjustments for other changes such as observing time, siting, and instrumentation were typically as large as or larger than, and of opposite sign to, the urban adjustment. Kalnay and Cai (2003) used the difference between trends in observed surface temperatures in the continental United States and corresponding trends in the National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) reanalysis, which does not use the surface temperature observations, to infer 0.27°C century Ϫ1 surface warming due to land use changes since 1950. This was contested because the NCEP-NCAR reanalysis did not include cloudiness data and had errors in its surface heat budget (Trenberth 2004) , and because the surface air temperature observations used by Kalnay and Cai (2003) had not been adjusted for heterogeneities such as changes of instrumentation or observing time (Vose et al. 2004 ). Subsequently, Zhou et al. (2004) used an improved version of the NCEP-NCAR reanalysis and a method similar to Kalnay and Cai (2003) to estimate 0.05°C decade Ϫ1 urban warming in the winter during 1979-98 over southeast China where the surface air temperature data were found to be homogeneous in regard to instrumental and other nonclimatic changes. However, this urban warming was only about 10% of the total warming found by Zhou et al. (2004) , and the authors point out that the urban warming effect will be smaller in summer owing to greater cloud cover. Simmons et al. (2004) were unable to find support for Kalnay and Cai's conclusions in the 40-yr European Centre for MediumRange Weather Forecasts (ECMWF) Re-Analysis (ERA-40), which had almost as much warming over the eastern United States near the 850-hPa level as in the Jones and Moberg (2003) surface air temperature analysis. Furthermore, Peterson (2003) found no statistically significant impact of urbanization in an analysis of 289 stations in 40 clusters in the contiguous United States, after the influences of elevation, latitude, time of observation, and instrumentation had been accounted for. One possible reason for this finding was that many "urban" observations are likely to be made in cool parks, to conform to standards for siting of stations. Peterson and Owen (2005) noted that the type of metadata (population versus night lights) made significant differences to urban versus rural classification for stations in the United States, but that the omission of the stations classified as urban by both schemes (population Ͼ30 000 within 6 km) made very little difference to the overall warming trend in the United States Historical Climatology Network (USHCN) since 1931.
The influence of urbanization on air temperatures is greatest on calm, cloudless nights and is reduced in windy, cloudy conditions (Johnson et al. 1991) . Although the main effect of urbanization is on nighttime temperatures, there is some evidence of lesser effects by day (Arnfield 2003) . Biases arising from poor instrumental exposure and micrometeorological effects are also likely to be greatest in calm, cloudless conditions, by day as well as by night (Parker 1994) . The effects of solar and longwave radiation inside thermometer shelters, specifically the resulting temperature differences between thermometers, their housing, and the air, are minimized in windy weather (Lin et al. 2001 ). Time-ofobservation biases (Karl et al. 1986 ) are enhanced in calm, cloudless conditions when diurnal temperature ranges are large and reduced in windy, cloudy weather when diurnal temperature ranges are small.
Accordingly, an analysis of trends of worldwide land surface air temperature on windy, cloudy days and nights is most likely to be free of urban biases, and also to be less affected by the instrumental, siting, and procedural biases that had to be treated by Hansen et al. (2001) and Peterson (2003) in their analyses of urban warming. Comparison of such an analysis with trends based on all data may yield a new estimate of the size of the systematic errors to be accorded to urbanization in estimates of global warming over land. Instrumental measurements of wind strength at temperature observing stations are not generally available, but gridded near-surface wind components are available from the NCEP-NCAR reanalysis (Kalnay et al. 1996 ) on a 6-hourly basis since 1948. These near-surface winds are constrained by the generally reliable mean sea level pressure observations. Cloud observations at temperature observing stations are also generally unavailable, and the NCEP-NCAR reanalysis cloudiness data are highly model dependent (Kalnay et al. 1996) . Therefore, daily land surface air temperatures since the mid-twentieth century from a selection of stations worldwide have been analyzed separately for windy and calm conditions, as defined by the NCEP-NCAR reanalysis, as well as for the full sample, without stratifying by cloud amount. Section 2 presents the data and analytical techniques used. The results in section 3 cover both daytime and nighttime temperatures for the globe and a selection of large regions and are a substantial extension of the summary of the results published by Parker (2004) . Section 4 discusses some additional comparisons and section 5 draws conclusions.
Data and methods
Daily station maximum (T max ) and minimum (T min ) temperature data for 1948 onward were obtained for the stations in Fig. 1a from the sources indicated. Figure  1a shows the benefits of improved availability of data from the Global Climate Observing System (GCOS), but major gaps remain in the Tropics (Mason et al. 2003) . Smoothed (Jones et al. 1999 ) daily climatological averages of T max and T min , for 1961-90 where possible (86% of stations), were created for each station, and anomalies calculated.
Daily average near-surface wind components were obtained from the NCEP-NCAR reanalysis (Kalnay et al. 1996) through the National Oceanic and Atmospheric Administration-Cooperative Institute for Research in Environmental Sciences (NOAA-CIRES) Climate Diagnostics Center (in Boulder, Colorado) Web site (see online at http://www.cdc.noaa.gov/cdc/ data.ncep.reanalysis.html). The wind components were converted to scalar speeds, which were used to classify each date at stations worldwide as "windy" or "calm." Even at night, when the coupling between the surface layers and the free atmosphere is most likely to be weakened, these daily average reanalysis wind speeds are generally sufficiently correlated with the limited available observing-station wind speeds for the purposes of this study (appendix C). Quantiles of the statistical distributions of wind speed were estimated for each day of the year, using gamma distributions . Each day's wind speed was then classified as calm (terce 1 unless otherwise stated) or windy (terce 3). Temperature anomalies were then matched to the appropriate date in order to assign them to speed classes. For stations between 140°E and the date line, T min (which most frequently occurs in the early morning) was matched with the previous day's speed. For (Manton et al. 2001 ; downward pointing triangles), and several national sources (Parker et al. 1992; Parker and Alexander 2001; Laursen 2002; Razuvaev et al. 1993; Vincent et al. 2002; squares) . (b) Stations used in the main and subsidiary analyses as described in the legend and main text.
stations between 120°W and the date line, T max was matched with the following day's speed. Where countries ascribed T max to the date of the morning when the instrument was read, rather than the date on which T max occurred (appendix A), this was allowed for. Annual, half-year (October-March, April-September) and seasonal (December-February, etc.) temperature anomalies for windy days and for calm days were then compared for each station. Figure 2 shows relative warming on calm nights at Fairbanks, Alaska, which is known to be affected by urban warming (Magee et al. 1999) . Of the 290 stations studied, only 13 showed significant relative warming of calm nights (appendix B).
The annual and seasonal anomalies of T max and T min for each station in Fig. 1b marked with a dot (with or without a surrounding triangle and/or square) were gridded on 5°latitude ϫ 5°longitude resolution for windy, calm, and all conditions. The 19 stations marked "ϩ" were not used, generally because they shared a grid box with another station with a longer or more complete record. Only one of these showed urban warming (appendix B), implying minimal potential impact on any worldwide urban warming signal. In the gridding process, anomalies for all conditions (windy and calm) were omitted if there were 25 (5) or fewer applicable days' data in the year or season. Maps of the gridded anomalies of T min for 1975 (Fig. 3) illustrate the spatial coherence of the fields, and the tendency for the windy (calm) nights to be relatively warmer (colder), especially in the extratropics. Coverage was at least 200 grid boxes in 1957-99. Global and regional averages for each year and season in the period 1950-2000 were calculated from the gridded data, with weighting by the cosine of latitude.
It is conceded that this method relies on the assumption that there are no systematic changes in atmospheric circulation during the period of analysis, other than those expressed as a change in calm and windy frequencies. Section 3 shows that this assumption does not hold in western Eurasia in winter. However, owing to the wide longitudinal distribution of stations in the extratropical Northern Hemisphere (Fig. 1 ), these effects are likely to cancel on a global scale; furthermore, section 3 finds no such circulation-induced effects in summer.
To assess the sensitivity of the analysis technique to differences between the NCEP-NCAR reanalysis daily average winds and the limited available observations of nighttime wind at the stations, the analysis was repeated on 26 stations in North America and Siberia (triangles in Fig. 1b ) using routine observations of simultaneous, instantaneous nighttime temperature (T night ) and wind. The nighttime observing hour was kept constant and as close to dawn as possible to coincide with the most usual time of T min . The data were obtained from the NOAA Integrated Surface Hourly Dataset, which holds data received in operational "SYNOP" messages through the Global Telecommunication System of the World Weather Watch. These station nighttime wind data were also compared directly with the NCEP-NCAR reanalysis daily average winds; results are summarized in appendix C. Although the NCEP-NCAR reanalysis cloudiness data are highly model dependent (Kalnay et al. 1996) , an analysis of T min was carried out using daily average NCEP-NCAR reanalysis relative humidity at 850 hPa (RH 850 ) as a proxy for low-level cloudiness over 25 stations (squares in Fig. 1b ). There was no systematic tendency for "clear" nights to warm relative to "cloudy" nights, which would be a symptom of urban warming. However, at about a quarter of the stations, the time series of station T min for clear minus cloudy nights showed discontinuities that were not evident in the analysis with respect to the NCEP-NCAR reanalysis surface winds. Also, the analysis failed to detect the known urban warming at Fairbanks, Alaska (Magee et al. 1999) . Therefore, the 850-hPa relative humidities from the NCEP-NCAR reanalysis appear to not be a reliable classification tool for low cloudiness. Details of the analysis are in appendix D, where it is also shown that observed nighttime cloud cover data, while positively correlated with RH 850 , may be of insufficient quality to verify it.
Results
The main impact of any urban warming is expected to be on T min on calm nights (Johnson et al. 1991) . However, for 1950-2000, the trends of global annual average T min for windy, calm, and all conditions were virtually identical at 0.20°Ϯ 0.06°C decade Ϫ1 (Fig. 4a ,b and Table 1 ). When the criterion for calm was changed to the lightest decile of wind strength, the global trend in T min remained 0.20°Ϯ 0.06°C decade Ϫ1 (Fig. 4c) . So the overall analysis appears not to show an urban warming signal and to be robust to the criterion for calm.
In the supplementary analysis using simultaneous, instantaneous nighttime temperature, T night , and wind at 26 stations (section 2), windy and calm nights warmed at the same rate: 0.20°C decade Ϫ1 over the period 1950-2000. Over this period, T min classified by the NCEP-NCAR reanalysis winds over these 26 stations warmed by 0.29°C (0.21°C) decade Ϫ1 for windy (calm) nights but the differences between windy and calm, and between T min and T night trends, were not statistically significant. One reason for differences is that for some stations, T night data but not T min data were available for 1999-2000. Trends over 1950-98 averaged over the 26 stations were 0.19°C decade Ϫ1 for T night for both windy and calm nights, and 0.26°C (0.23°C) decade Ϫ1 for windy (calm) for T min .
The global annual result conceals a relative warming of windy nights-the opposite of what would be expected from urbanization-in Europe (35°-70°N, 15°W-40°E) in autumn and winter (Table 1) . This resulted in an annual trend of 0.10°Ϯ 0.04°C decade Ϫ1 on windy nights relative to calm nights. There were also weak relative trends in the same sense in the Arctic (Ͼ60°N) and Australasia (10°N-60°S, 90°E-180°; lack of urban warming there (Peterson 2003; Peterson and Owen 2005) . Conversely, in the Tropics (20°N-20°S), windy nights cooled (though insignificantly) relative to calm nights on an annual average (Table 1 and Fig. 5 ). The European trends in winter are explained below in terms of atmospheric circulation changes. In the extratropical Northern Hemisphere north of 20°N (NH20; Fig. 6c,d and Table 1) , there was no significant change of T min on windy nights relative to calm nights in summer, when atmospheric circulation changes are less influential. Any urban warming signal should be most evident in summer, when urban heat islands are stronger owing to greater storage of solar heat in urban structures.
For 1950-2000, the linear trends of global annual average T max were 0.13°Ϯ 0.05°C (0.10°Ϯ 0.06°C) decade Ϫ1 for windy (calm) conditions and 0.12°Ϯ 0.05°C decade Ϫ1 for all data. The difference between the windy-day trend and the calm-day trend is reflected in Fig. 4a . The annual trends of T max for windy minus calm are positive-not an urbanization signal-and statistically significant for the globe, NH20, the Arctic, Europe, Asia (20°-90°N, 40°E-180°), and North America (20°-90°N, 50°W-180°), but not for the Tropics or Australasia ( Table 2) . As with T min , the relative trends mainly arose from the winter season and to a lesser extent autumn in Eurasia (Table 2 ). For NH20 (Fig.  6a,b) , T max warmed by 0.29°Ϯ 0.11°C (0.15°Ϯ 0.13°C) decade Ϫ1 for windy (calm) conditions in winter but by 0.07°Ϯ 0.08°C (0.08°Ϯ 0.07°C) decade Ϫ1 for windy , 1950-2000. The linear trend fits and the Ϯ2 error ranges were estimated by restricted maximum likelihood (Diggle et al. 1999) , taking into account autocorrelation in the residuals. Trends for "windy minus calm" and "windy minus all" are only given where significant: 5% (italic) or 1% (bold). (calm) conditions in summer. An influence of atmospheric circulation changes in winter is suggested. The observed tendency of an increased positive phase of the North Atlantic Oscillation (Folland et al. 2001b) implies that the windier days in western Eurasia tended toward increased warm advection from the west or southwest (Hurrell and van Loon 1997) , yielding greater warming in windy conditions. This finding implies that the comparison of trends of T max or T min between windy and calm conditions may not always be able to detect small urban warming trends at individual stations or on subcontinental scales in winter in middle and high latitudes. However, in other seasons and on hemispheric and global scales, atmospheric circulation effects are likely to be small and/or cancelled out, allowing any urban warming signal to be detected.
The observed decline in diurnal temperature range T range (Folland et al. 2001b; Easterling et al. 1997 ) is insignificantly weakened (from Ϫ0.08°to Ϫ0.07°Ϯ 0.02°C decade
Ϫ1
) by subsampling on windy days (Table   3 ). The overall decline of T range is significant and consistent with reported increases in cloudiness (Folland et al. 2001b; Dai et al. 1997 ).
Additional comparisons
Because a small (though widespread) sample was used, the robustness of the results was tested by comparing global trends for 1950-93 with published allconditions trends based on a much larger sample (Easterling et al. 1997) . For that period, the global annual trends of T min in the present study were 0.16°Ϯ 0.07°C decade Ϫ1 for all conditions and 0.16°Ϯ 0.07°C (0.17°Ϯ 0.07°C) decade Ϫ1 for windy (calm) conditions. Global annual trends of T max for 1950-93 were 0.08°Ϯ 0.06°C decade Ϫ1 (full sample) and 0.09°Ϯ 0.06°C (0.06°Ϯ 0.07°C) decade Ϫ1 for windy (calm) conditions. These are close to the annual average of the seasonal global all-conditions trends for Ͼ5000 nonurban stations for 1950-93 (Easterling et al. 1997 (Diggle et al. 1999) , taking into account autocorrelation in the residuals. T max is, as expected, lower on windy than on calm days in summer (b), but higher on windy than on calm days in winter (a), because persistent near-surface inversions are limited to calm weather. (c), (d) Same as in (a), (b), but for T min . T min is, as expected, higher on windy than on calm nights in both winter and summer. (Fig. 7) . The robustness of the small sample (up to 270 stations) arises because the spatial coherence of surface temperature variations and trends yields only about 20 spatial degrees of freedom for annual averages, and fewer on decadal time scales (Jones et al. 1997) . The interannual variability of global temperature anomalies in the sample used in this study slightly exceeds that in Jones and Moberg (2003; Fig. 7 ) because of its sparser coverage and greater relative concentration of stations over the Northern Hemisphere continents.
Conclusions
The analysis would have benefited from more daily data over Africa and South America (Mason et al. 2003 ; Fig. 1 of this paper) . A future increase in daily data availability may be expected through the GCOS Implementation Plan (GCOS 2004). For detailed urban warming studies, however, higher-resolution (e.g., hourly) data will be required.
Nevertheless, the network of stations used in this study has been shown to be adequate for the representation of large-scale air temperature trends over land. The analysis of T min demonstrates that neither urbanization nor other local instrumental or thermal effects have systematically exaggerated the observed global warming trends in T min . The robustness of the analysis to the criterion for "calm" implies that the estimated overall trends are insensitive to boundary layer structure and small-scale advection, and to siting, instrumentation, and observing practices that increasingly influence temperatures as winds become lighter. Furthermore, even at windy sites (e.g., St. Paul, Aleutian Islands, in Fig. C1 ), the calmest terce and especially the calmest decile will be strongly affected by occasions with very light winds in passing ridges or blocking anticyclones, and should reveal any urban warming influence.
The analysis of T max supports the findings for T min while also showing the influence of regional atmospheric circulation changes.
In view of the error estimates (Tables 1 and 2 ) and the different periods of analysis, the results are compatible with the IPCC TAR conclusion that urban warming is responsible for an uncertainty of 0.06°C in the global warming in the twentieth century. Nevertheless, the reality of global-scale warming is strongly supported by the overall near equality of temperature trends on windy days with trends based on all data.
The reality of urban warming on local (Arnfield 2003; Johnson et al. 1991 ) and small regional scales (e.g., Zhou et al. 2004) is not questioned by this work; it is the impact of urban warming on estimates of global and large regional trends that is shown to be small.
Because changes of siting, instrumentation, or observing practice are likely to have the greatest impact in calm, cloudless weather, analyses of individual station temperature data in such conditions could be used to supplement or validate station metadata. In turn, improved metadata will allow refined estimates of climatic changes, especially on local and small regional scales. When data are averaged over hemispheres and the globe, these types of heterogeneity are likely to cancel out to some extent, and the results of the present study also suggest that they have not affected the estimates of temperature trends.
When a 24-h maximum temperature is read in the morning, some countries record it against the date of reading the instrument whereas others record it against the previous day when, it is presumed, the maximum temperature usually occurred. A further complication arises where the local date differs from the UTC date. For example, between 135°E and the date line, at 0900 local time (often adopted as the time for reading instruments), the previous day is still current at the Greenwich meridian on which UTC is based. Listed below are national conventions for recording maximum temperature. This information was used to align the maximum temperatures with the appropriate daily mean wind strength from the NCEP-NCAR reanalysis (Kalnay et al. 1996) .
The following information was provided by national contacts. The policy is that observations are recorded as if they were made when the thermometers were read. Some observers, however, ascribe the observations to the day before. Whenever this practice is detected, the data are reassigned to the date on which the observations were made (T. Peterson 2002, personal communication) . Thus, T max is, in theory, ascribed to the date after it occurs. An analysis (by the author of this paper) of average maximum temperature anomalies on calm versus windy days, with and without a 1-day offset, suggested that T max occurred on the day before the ascribed date as implied by the policy, except at San Juan, Majuro, and Koror. At these three stations, T max occurred on the ascribed date. Their data were analyzed accordingly.
The following was deduced from published books of data.
Japan, Philippines, South Korea, and Thailand:
Maxima are ascribed to the local date of occurrence.
The following was deduced from samples of plotted data on Met Office or NOAA daily weather reports:
Canada, the former Soviet Union, and Ireland:
The following was deduced from mean sea level pressure patterns from the NCEP-NCAR reanalysis (Kalnay et al. 1996) .
South Africa (Marion Island): Maxima are ascribed to the local date of occurrence.
The following was deduced from average maximum temperature anomalies on calm versus windy days, with and without a 1-day offset.
Algeria, Austria, France, Germany, Iceland, Ireland, Israel, Kuwait, Malaysia, Mauritius, Namibia, New Caledonia, Norway, Poland, Seychelles, Sweden, Switzerland, and Uruguay: Maxima are ascribed to the local date of occurrence. Colombia, Papua New Guinea, Saudi Arabia, and Syria: The evidence is unclear; assume that maxima are ascribed to the local date of occurrence. Greece and Mongolia: The maxima are ascribed to the following date.
APPENDIX B

Stations Showing Urban Warming or Other Heterogeneities
Of the 290 stations studied, only 13, listed in Table  B1 with their World Meteorological Organization numbers, showed significant warming of calm relative to windy T min . However, comparison of calm with windy T min did not always detect the known slight urban warming influences at individual locations, for example, in central England temperature (Manley 1974; Parker et al. 1992) , because, for instance, the source of the air on windy days may change systematically (see main text). Another 21 stations, listed in Table B2 , showed other systematic discontinuities or trends of uncertain origin in calm relative to windy T max or T min . Stations in Tables B1 and B2 marked with an asterisk were not used in the global and regional analyses because a station with a longer or more complete record shared the same 5°grid box (see main text). In addition, Shanghai, although not sharing a 5°grid box, was not used as it showed marked cooling on calm relative to windy days and nights, possibly indicating a site change.
A discontinuity at Fresno, California, is illustrated in Fig. B1 . Because changes of siting, instrumentation, or observing practice are likely to have the greatest impact in calm, cloudless weather (see main text), analyses like Fig. B1 could be used, along with appropriate statistical tests, to supplement or validate station metadata.
APPENDIX C
Comparisons between Station Nighttime Winds and NCEP-NCAR Reanalysis Daily Average Winds
Station wind speeds for 26 locations in North America and Siberia (triangles in Fig. 1b) were compared with corresponding NCEP-NCAR reanalysis daily average winds. The station winds were selected to be for a constant nighttime hour as close to dawn as possible to coincide with the most usual time of T min .
For 18 of the stations, correlations were in the range 0.6-0.8; the least well correlated station, Phoenix (Arizona), scored 0.2-0.5. At the 14 Russian stations, the ratio (station wind speed/reanalysis wind speed) averaged 17% less in the period 1979-2000 than previously, when the reanalysis lacked satellite data. For the 12 North American stations, this ratio fell by 5%. Nonetheless, scatterplots show that both before and after 1979, an NCEP-NCAR reanalysis daily average wind in terce 1 represented an enhanced likelihood of very light wind being observed at the station, even at poorly correlated Phoenix (Fig. C1) . The ratio of NCEP-NCAR reanalysis wind speed at the upper limit of terce 1 to that at the upper limit of decile 1 is typically nearly 2 at the 26 stations. At eight tropical stations representing a wide range of longitudes, this ratio is also typically nearly 2, except during seasons of persistent maritime trade winds at three of these stations, when it is 1.25-1.5. Now the systematic global offset between very calm (decile 1) and calm (terce 1) T min is less than 0.1°C (Fig.  4c) . So the small fractional changes in station wind speed relative to NCEP-NCAR reanalysis wind speed are unlikely to have caused a global bias in trends of T min in calm conditions approaching Ϫ0.1°C over this 50-yr period, that is, Ϫ0.02°C decade Ϫ1 or one-tenth of the magnitude of the observed warming signal.
APPENDIX D
Analysis Using Proxy Low-Level Cloudiness
A selection of 25 stations (locations with squares in Fig. 1b ) was used in a comparison of T min on dates with low (bottom terce, assumed to represent clear conditions) and high (top terce, assumed to represent cloudy conditions) daily average relative humidity at 850 hPa (RH 850 ) in the NCEP-NCAR reanalysis (Kalnay et al. 1996 ). The 850-hPa level was selected because low-level clouds, being warmer in general, have a greater influence than higher-level clouds on nighttime surface temperatures. The detection of colder nights by this proxy for clear skies was often, but not always, stronger than the detection of colder nights by light winds. There was no systematic tendency for clear nights to warm relative to cloudy nights, which would be a symptom of urban warming. However, at about a quarter of the stations, the time series of station T min for clear minus cloudy nights showed discontinuities, mainly but not exclusively before 1975, which were not evident in the analysis with respect to the NCEP-NCAR reanalysis surface winds. These discontinuities may have arisen from heterogeneities in the reanalysis resulting from changes in radiosonde humidity data availability, instrumentation, or processing techniques (Elliott and Gaffen 1991; Elliott et al. 1998) . Figure D1 is an example for a Siberian station. The analysis failed to detect the known urban warming at Fairbanks, Alaska (Magee et al. 1999) , whereas the analysis using near-surface winds did so (cf. Fig. D2 with Fig. 2) , and the relative change of T min appeared as a discontinuity in the late 1960s.
At 15 of the stations, sufficient cloud cover observations, made visually from ground level at the same nighttime hour as the wind observations used in appendix C, were available to allow comparisons with the daily average NCEP-NCAR reanalysis RH 850 . Where available, the coverage of the lowest main cloud deck (SYNOP code N h ) was selected, otherwise the total cloud cover N was used. Correlations were typically 0.5-0.7, but 0.2-0.3 in some seasons at one-third of the stations. Although there was a tendency for RH 850 to decline relative to observed cloud cover, there was no clear relationship between changes or discontinuities in RH 850 /N h and changes or discontinuities in T min on low RH 850 nights relative to high RH 850 nights. The ob- (°C, relative to 1961-90) at Kljuci in eastern Siberia (56°N, 161°E) on nights with low (bottom terce) 850-hPa relative humidity relative to nights with high (top terce) relative humidity. The discontinuities in the late 1960s and early 1990s are not evident in the corresponding analysis of T min on calm relative to windy nights (not shown).
served cloud cover data may be of insufficient quality to verify the RH 850 data.
